Abstract: Economists and financial analysts have begun to recognise the importance of the actions of other agents in the decision-making process. Herding is the deliberate mimicking of the decisions of other agents. Examples of mimicry range from the choice of restaurant, fashion and financial market participants, to academic research. Herding may conjure negative images of irrational agents sheepishly following the actions of others, but such actions can be rational under asymmetric information and uncertainty. This paper uses futures position data in nine different markets of the Commodity Futures Trading Commission (CFTC) to provide a direct test of herding behaviour, namely the extent to which small traders mimic the positions of large speculators. Evidence consistent with herding among small traders is found for the Canadian dollar, British pound, gold, S&P 500 and Nikkei 225 futures. Consistent with survey-based results on technical analysis, the positions are significantly correlated with both current and past market returns. Using various time-varying volatility models to accommodate conditional heteroskedasticity, the empirical results are found to be robust to alternative models and methods of estimation. When a test of causality-in-variance is used to analyse if volatility among small traders spills over into spot markets, it is found that spillovers occur only with Nikkei 225 futures. The policy implications of the findings are also discussed.
4 participants believed that macro hedge funds possessed superior information and expertise.
The prospect that a few large market participants could destabilise global capital markets has led many to argue for reforms to the international financial system in order to limit the impacts of such systemic risks. Consequently, testing for the presence of herding in financial markets is a highly topical issue in the international finance literature, especially as there have been few empirical papers related to the existence of herding.
Many explanations for the existence of herding have been proposed, such as imperfect information and the nature of compensation in managerial contracts. Becker's (1991) restaurant example shows that, when confronted with different choices and without private information, agents may base their decisions upon the number of patrons. This outcome may arise because previous patrons are believed to have made their decisions based upon private signals regarding quality. While many theoretical models have been proposed, a test of herding behaviour by economic agents is problematic. Part of this problem stems from an inability to observe directly the cognitive processes underlying the actions of agents. Various measures of herding have been devised to overcome these problems, but most empirical research has presented only indirect tests of the theoretical models proposed in the literature.
This paper provides a direct test of herding behaviour among small futures traders, specifically whether the futures positions of large speculators affect small trader portfolios.
While large speculators are often blamed for significant market fluctuations, with the empirical literature focusing almost exclusively on institutional herding, analysing small traders is important for a number of reasons. First, small traders often comprise a large segment of markets, and can destabilise markets by moving in herds. Second, de Brouwer (2001, pp. 64-66) shows that large players often seek to manipulate small traders, so that the reactions of small traders to large speculators is an important consideration in analysing the effects of large traders on market prices. Third, small traders may, as the models outlined below predict, exacerbate price movements in their trading patterns. The seemingly excessive volatility of financial markets relative to fundamentals has long been a topic of fascination among financial economists. Examining the behaviour of small traders also contributes to an understanding of market dynamics.
The plan of the paper is as follows. Section 2 reviews the theoretical and empirical results in the literature. Section 3 outlines a direct test for the existence of herding among small futures traders. The data to be used for testing the theory are analysed in Section 4, and the volatility 5 models and empirical results are reported in Section 5. Section 6 presents some concluding comments.
2. Literature Review.
Theory.
Herding is defined as a conscious decision by agents to mimic the actions of others. Thus, herding is a deliberate decision, which should not be confused with correlated decision making that is purely incidental. In the case of financial markets, investors have access to common information sets and may employ similar techniques in evaluating this information.
Therefore, agents may behave in a similar manner, not through consciously following the actions of others, but through acting upon the same information. For example, noise traders, such as in the models of Kyle (1985) and De Long et al. (1990a) , may employ similar technical trading strategies which result in significant correlations. However, this type of behaviour does not represent herding because the actions of other noise traders play no part in individual investment decisions. Consequently, the detection of herding can be difficult because, if group decisions are correlated, their decisions need to be decomposed into those components arising from information and from herding.
In the presence of uncertainty, mimicking the decision of others may be perfectly rational, so that herding need not be associated with irrational behaviour. However, the herding equilibrium may not be socially efficient and prices may be more volatile than if agents had acted independently of each other. Invaluable surveys of the rational herding literature are given in Devenow and Welch (1996) , Bikhchandani and Sharma (2000) and Brunnermeier (2001) . Herding may arise for a variety of reasons. Managerial remuneration often depends upon reputation, but the principals may be uncertain of managerial quality. Thus, poor managers have an incentive to copy the decisions of other managers in order to mask their inferiority. The model of Scharfstein and Stein (1990) is of this type, but lies outside the scope of the paper. Agents may also be compensated according to performance relative to their peers. In this instance, risk-averse managers will be unlikely to deviate from their peers, and will tend to cluster in their portfolio decisions. As shown in the models of Roll (1992) and Admati and Pfleiderer (1997) , such contracts result in inefficient outcomes. Models of reputational herding lie outside the focus of this paper. 6 The type of herding most directly related to the context of futures market traders is based on the theory of information cascades, as in Banerjee (1992) , Bikhchandani et al. (1992) , Welch (1992) , and Avery and Zemsky (1998) . An information cascade arises when decisions are made by each agent sequentially, but agents begin to ignore their private signals in favour of the observed actions of previous agents.
1 These signals are generally either 'good' or 'bad'
and, importantly, agents cannot observe the signals received by other agents. 2 However, the probability of the good or bad signal can be inferred from the actions of others, which are assumed to be observable. As agents are unsure of the quality of the signals, the actions of others are used to update their beliefs about, for example, the true value of an asset. Using
Bayes' rule, given a sequence of decisions, if the suggested course of action implied by an agent's private signal is in conflict with the decisions of others, the sheer weight of numbers may cause agents to discard their private information and use the decisions of others to herd.
In the models cited above, the probability of a cascade beginning with the first few agents is high. Bikhchandani et al. (1992) show that herding is more likely, the less certain is an individual of the private signal. Moreover, if the signals received are noisy, and hence provide little certainty, the probability that the herd arrives at an incorrect decision (such as failing to invest when they should) will be high. This illustrates that herding can lead to inefficient social outcomes, despite the fact that agents have acted in a self-interested and rational manner. Thus, in situations where agents are prone to herd, the market mechanism cannot be used to reach a socially efficient outcome.
Furthermore, the theoretical models illustrate that cascades are fragile. Cascades imply that prices reflect only a narrow information set, so the arrival of new information can lead agents to re-evaluate their choices and cause the cascade to shatter. This suggests that herds can quickly reverse their decisions, which has implications for the time series properties of futures market traders. If traders are in an information cascade, it follows that, with a constant supply of news to the market, relatively little persistence should be observed in their positions. New information will result in the cascade shattering and noise traders altering their positions. If the positions of traders are persistent, this would provide indirect evidence against the existence of information cascades. However, these models cannot be tested directly because neither the order of decisions nor the decision making process of agents can be observed.
1. Bikhchandani et al. (1998) provide a review of the theory underlying information cascades. 2. The relevance of cascades has been questioned by, for example, Shiller (1995, p. 183 However, the model of Avery and Zemsky (1998) shows that if there are two types of traders, namely well informed and poorly informed, and the proportion of these traders in the market is not common knowledge, then herding can arise. If prices are flexible, uncertainty regarding investment values is insufficient to create herding incentives. Prices will not be efficient, even though agents have acted rationally.
Empirical Literature.
While the theoretical literature is well developed, the empirical literature has performed only indirect tests of the various herding theories, which stems from an inability to observe the 3. Froot et al. (1992) present another type of herding model. Based on pay-off externalities, they show why prices may not necessarily embody all relevant information. Traders are allowed to have short-term investment horizons so that, if a particular piece of information is unlikely to be reflected in prices in the short run, there will be no incentive for agents to acquire such information. Agents herd on only some information, which may not even relate to fundamentals. Therefore, prices are not informationally efficient in the sense that they reflect only a subset of the total available information. Such a model can help explain why prices may over-react to news. in which agents may appear to make similar decisions through possessing similar information, while paying no attention to the actions of others. Such an observation would result in correlated decisions, but would not imply the existence of herding. Lakonishok et al. (1992) developed a measure of herding among mutual fund managers.
Their procedure tests whether the actual number of investors buying or selling a particular stock differs from the expected number of investors buying or selling if agents were to make their decisions independently. Although they concluded that money managers do not exhibit herding, Bikhchandani and Sharma (2000) noted that they had only analysed the correlation in trading patterns which, while consistent with herding, does not guarantee its existence. Using the test of Lakonishok et al. (1992) , Wermers (1999) found some evidence of herding in seasonally unadjusted quarterly data of mutual fund managers.
According to Bikhchandani and Sharma (2000, p.18 ), a serious limitation of the method of Lakonishok et al. (1992) is that the method only considers the number of traders and pays little attention to the amount or value of the assets traded. As these studies also use quarterly data, this would make the detection of herding less likely as information received during this time interval is likely to swamp any information obtained from observing the positions of other funds managers. Moreover, the ability to observe the portfolios of other managers may be restricted due to reporting requirements, so that funds managers would find it difficult to determine the portfolio decisions of others in a timely manner. Tentative evidence for herding has also been found by Grinblatt et al. (1995) , Nofsinger and Sias (1999) , Choe et al. (1999) and Chang et al. (2000) . While some have found little indication of herding, those who have concluded that herding exists have typically only tested the correlation among traders. As discussed above, such evidence is insufficient to conclude that herding exists among financial market participants.
Another approach to test for the presence of herding is that adopted by Christie and Huang (1995) , and extended by Chang et al. (2000) , who examine the presence of herding across a 9 variety of international equity markets. Christie and Huang (1995) define the cross-sectional standard deviation, defined as:
where R m,t is the average of the N returns in the market portfolio at time t and R i,t is the stock return of firm i at time t. This captures how stock returns are spread around the average return. Christie and Huang (1995) assert that traditional asset pricing theory predicts that the dispersion of returns increases with market returns due to different stock sensitivities to market returns. In periods of herding, stock returns will tend to cluster around the market returns. Chang et al. (2000) show that, under rational asset pricing models, the dispersion of stock returns is an increasing linear function of market returns.
The CSSD measure given above is used in the following equation:
D ) takes the value 1 if the market return at time t is in the extreme lower (upper) tail of the distribution, and zero otherwise, with 'extreme' defined as being in the top or bottom one (or five) percent of the distribution of returns. The logic underlying such a specification is that traders are more likely to herd in times of heightened uncertainty and market turbulence, so that extreme market moves should result in stock returns being less dispersed around the market average. Chang et al. (2000) also estimate the model for periods when the market return is positive and when it is negative. While no evidence of herding was found to exist for the USA or Hong Kong, partial evidence was found for Japan, and evidence in favour of herding was found for South Korea and Taiwan.
Other researchers have provided tests of reputational herding models by testing the extent to which investment newsletters and security analysts herd among each other. Graham (1999) reports that newsletters with high reputations are more likely to herd in their recommendations in order to protect reputation. Welch (2000) explores the importance of consensus among security analysts in determining their recommendations. The idea behind such tests is that analysts who differ from average are likely to be judged harshly if they are wrong. However, if all analysts are wrong, no analyst would be criticised as agents would infer that it was difficult to anticipate. Welch (2000) finds evidence that consensus influences 10 the revisions of analysts, as do the two most recent revisions. Such evidence suggests there is a tendency for investment analysts to herd. Kodres and Pritsker (1996) examine herding among large futures traders, where size is determined by the Commodity Futures Trading Commission (CFTC). Daily data were analysed for large positions on interest rate futures, S&P 500 composite index, British pound, Canadian dollar, Deutsche mark, Japanese yen and Swiss franc for the period August 1992 to August 1994. Large traders were disaggregated into numerous categories such as commercial banks, hedge funds and mutual funds. Correlation coefficients were calculated among the various trader types, and were found to be statistically significant in only 5 of 29 cases. A probit model was used to test the extent to which the probability of buying by one agent depended on the decisions of others. However, the analysis is still subject to the qualification that such alleged herding may be coincidental rather than genuine.
Moreover, Kodres and Pritsker (1996) examined only whether sub-categories of large traders herd. As small traders were neglected, they overlooked a potentially important group of traders with incentives to herd. Small traders do not have the resources or expertise of large traders. As small traders may be acting on inferior information, they may not possess the skills to decipher information releases appropriately. Therefore, small traders have an incentive to view large traders for guidance as to the appropriate course of action. The assumption made by small traders is that large traders, acting upon superior information, disclose the signals received through their trading activities. Consequently, an examination of the tendency of small traders to herd, based on the activities of large traders, is an important and neglected area that is worth of serious empirical consideration.
A Direct Test for Herding.
Although the theoretical models presented above do not yield direct tests, they do provide guidance in constructing an appropriate empirical specification. Data for individual trades are not available according to the traders involved. The models of Kyle (1985) , De Long et al. (1990a) and Shalen (1993) distinguish among traders based on the information at their disposal. Small traders are typically assumed to be naïve as they use past prices in making investment decisions, and are also presumed to form extrapolative expectations of future prices. This suggests a lag structure to accommodate the possibility that small traders use recent price changes to determine their futures positions. Including contemporaneous price 11 changes also accommodates fundamentals, as prices will respond to news concerning fundamentals in an efficient market. Small traders may also exhibit some reaction to fundamental news, so that contemporaneous prices are likely to be an important factor in explaining the futures positions of small traders. A primary motivation for this paper is to test for herding among futures market participants, namely small traders, which is measured by including the lagged positions of large futures speculators. Such large speculators are assumed to be informed traders because their size allows them to acquire high quality information. Moreover, there is an incentive for large speculators to invest considerable time and resources in evaluating the information at their disposal. As the actions of large speculators may provide an externality to small traders by revealing the implicit information and expectations of large traders, this provides a direct test of herding by small traders. The empirical model is dynamic and is estimated with a lag length of one, as weekly data are used and higher-order lags quickly become dated because news arrives continuously. With a constant supply of news, it is unlikely that herding would be observed using information based on two lags.
The empirical specification is given by
where netsmall is defined as the difference between long and short non-reportable positions, as compiled by the CFTC, netlarge represents large non-commercial trader series (or speculators), OI is the total open interest in the futures series, spotret is the log-difference of spot prices observed between time t and t-1, and u t is assumed to be an independent and identically distributed random shock with zero mean and unit variance. Equation (1) 
Data and Empirical Analysis.
Specification (1) Traders deemed by the CFTC not to be of sufficient size to be classified as large are collectively reported as non-reportable positions, which we will call 'small traders'. These small traders may use futures to hedge or speculate, but are not required to declare their interest in using futures because of their size. The literature has typically assumed such traders to be poorly informed relative to large traders, which appears reasonable as information and trading are costly in both time and resources. Therefore, small traders are less likely than large traders to have access to high quality information, and also less likely to be able to disseminate information released to the market. Small traders are, therefore, more likely than large traders to employ simple trading rules based on readily observable historical price movements. In this paper, it is assumed that small traders act as noise traders of the type described in Kyle (1985) , Black (1986) and De Long et al. (1990a) . As data on noise traders have become available only recently, the direct tests of herding behaviour proposed in this paper were not viable when these papers were published. The impact of historical price movements was outlined above. In order to measure this impact, spot market data for all assets were downloaded from Datastream. The use of spot market data serves several useful purposes. As outlined in Bessembinder and Seguin (1992) , the existence of futures markets has been argued to exert a destabilising influence on the underlying spot markets. This paper provides an interesting perspective on the effect of futures market participants on the underlying asset market. Furthermore, futures contracts expire periodically so that the construction of a continuous series requires certain assumptions as to the rolling over of futures contracts. The use of spot market data circumvents this issue.
Finally, the use of spot rates instead of futures prices is not expected to affect significantly the results for the markets examined. As these are typically viewed as cash-and-carry markets, future supply conditions do not influence the spread between spot and futures markets (see Neftci (1996, p. 4) ).
Tables 1 to 9 report the summary statistics of the data series used in this paper. The sample is for the period 6 October 1992, when the CFTC began releasing weekly data, to 15 October 2002, giving 521 weekly observations. On average, mean returns for each currency market imply that each currency depreciated against the USD, which displayed significant strength over this period. The S&P 500 index provided positive capital gains, on average, reflecting the high returns of US equities. In contrast, the Nikkei 225 lost value as the Japanese economy faltered, with deflation and the bursting of the asset price bubble. Consistent with previous studies, mean weekly returns appear to have a non-Gaussian distribution, with the 14 Lagrange Multiplier test of normality (LM(N)) rejecting the null hypothesis at the one percent level for all returns. Indeed, normality is rejected for most of the data. From the sample skewness and kurtosis statistics reported in Tables 1 to 9 , it seems that returns have fatter tails than the normal distribution, which has been widely documented in financial time series.
Conversely, the number of contracts data is most often thin-tailed, with kurtosis coefficients less than three. Moreover, it appears that the data are not highly skewed, so that normality is most likely rejected due to kurtosis that differs from the normal distribution.
A noteworthy observation is that the mean number of futures contracts of large hedgers was negative, making them net sellers, for AUD, CAD, oil, gold, S&P 500 and Nikkei 225 futures contracts. This indicates that these commodities were produced by large hedgers who sought certainty in the price at which they could sell their products. For example, oil companies and gold miners could use futures to lock in the future price of their commodities, and fund managers could use S&P 500 and Nikkei 225 futures to lock in the value of their portfolios and to manage exposure to market risk. Table 9 shows that the mean values of large speculator and small trader contracts were positive. It follows that speculators lost money on the Japanese stock market as it depreciated, on average, yet speculators maintained long positions over this period.
It is an interesting issue to examine what types of hedgers employ currency futures through the use of survey questionnaires. Australia runs a current account deficit, and so imports more than it exports, and large hedgers tend to be net sellers of AUD. If only exporters and importers used futures contracts for hedging, this would suggest that importers are more active participants in futures markets than are exporters. Conversely, the USA is a large importer from Japan, and large hedgers tend to be net buyers of Japanese yen. This is consistent with the direction of trade between the USA and Japan, as importers would be expected to outweigh exporters in hedging yen because of the nature of the current account deficit. Therefore, the relationship between a country's trade position and the nature of those hedging its currency would be worth investigating to determine the reasons for which agents hedge currency risk, and on which side of the market they operate. given the low power of the test, is a strong result. The only series for which the null hypothesis was not rejected was large hedgers of S&P 500 futures contracts. Hence, the use of OLS appears to be justified, and transformation of the data is generally unnecessary. In order to accommodate possible non-stationarity, the data were also transformed to first differences to obtain stationarity, but with essentially the same quantitative outcomes. These results are available from the authors upon request.
Although small traders may be unable to influence markets individually, they may comprise a sufficiently large segment of the market so as to make their collective behaviour influential. In all other markets, large hedgers are the dominant trader type. With three trader types and total market open interest being observable, only two trader types need to be analysed as the third can be inferred. The correlation coefficients reported in Table 10 between small traders and large speculators, and between small traders and large hedgers, suggest that the trading behaviour of small traders most closely resembles that of large speculators. Interestingly, the correlation coefficients are larger in absolute value with hedgers than with speculators, but are negative. This suggests a very important function performed by noise traders in financial markets, namely as providers of liquidity, as outlined in Black (1986) , which enables hedgers to manage risk.
Except for GBP and SFR, large speculators and non-reportable, or small, positions are positively correlated. It is possible that small traders in GBP and SFR are primarily hedgers, which would explain the positive correlation. The positive correlations for the other markets suggest that small traders and large speculators share similar information. However, correlation is a necessary, but not sufficient condition, for the existence of herding. If herding were to exist, the results in Table 10 suggest that it is most likely to be between small traders and large speculators. suggest that small traders employ extrapolative strategies, so that if the past value of the asset has increased (decreased), small traders will purchase (sell) the asset. In interpreting the impact of exchange rate returns on small traders, the method used to quote exchange rates is that, exchange rates except for GBP, are quoted as foreign currency per unit of USD.
Therefore, positive returns indicate that the foreign currency has depreciated, and negative returns indicate that the foreign currency has appreciated. Thus, the negative estimated coefficients indicate that, as a foreign currency appreciates (depreciates), small traders tend to buy (sell) foreign currency. Small traders also seem to destabilise oil prices, as indicated by the positive coefficient on lagged spot oil returns. As oil appreciates, small traders increase the amount of oil purchases, thereby adding impetus to price changes in the previous period and causing prices to overshoot the equilibrium level in the absence of such noise trading.
This pattern of trading behaviour is consistent with expectations as to how small noise traders formulate their trading strategies. Being small, they do not have the resources to acquire costly information, and hence tend to rely on price movements to determine their investments.
The coefficients of lagged spot returns were statistically significant in the currency and oil markets, suggesting that small traders may cause currency markets to be unstable. As small traders would add impetus to price movements in currency markets, prices would overshoot the equilibrium in a market without noise traders. Therefore, small traders seem to act in a manner that is consistent with theoretical models, such as in De Long et al. (1990a) .
While the ADF tests in Section 4 rejected the null hypothesis of a unit root for most series, small traders displayed a high degree of persistence, as indicated by the lagged coefficients in the region 0.81-0.96. Given the high persistence of small traders, the model was also estimated in first differences of net small traders, net large speculators and open interest in order to accommodate unit roots. The estimates are reported in Table 12 , with the implications for herding differing between the two sets of estimates. Estimated using first differences, the data do not reject the null hypothesis of no herding for S&P and Nikkei, 24 unlike the results in Table 11 , but reject no herding for CAD, GBP and gold futures at the one percent level. The positive and significant coefficients are consistent with small traders mimicking the previous positions of large speculators, indicating that small traders herd on the positions of large speculators for CAD, GBP and gold.
The model estimated in first differences confirms the previous estimates that small traders change their positions in the same direction as price changes in the underlying asset. Lagged changes in small traders are insignificant for AUD, JPY, SFR, gold and S&P, which is consistent with a high-degree of persistence in the small trader series for these commodities. For commodities with significant lagged changes in small trader positions, namely CAD, GBP, oil and Nikkei, the negative and significant coefficient estimates imply that, if the commodity has appreciated in the previous period, small traders will purchase the asset, on average.
Significant results for both contemporaneous and lagged spot returns are reported for AUD, CAD, JPY, SFR and oil. Contemporaneous returns are significant for GBP, and lagged returns are significant for gold. Given the methods used to quote exchange rates, the signs of the coefficients are consistent with extrapolative trading strategies that would destabilise prices. The significance of contemporaneous returns may reflect reactions to fundamentals that result in price changes. However, the significance of lagged returns is consistent with markets being more volatile than in the absence of noise traders, who use strategies that fuel price changes and create short term price momentum.
Diagnostic tests may suggest possible deficiencies in model specification and the robustness of the empirical results. The use of Newey-West standard errors provides consistent and valid inferences in the presence of serial correlation and heteroskedasticity. In most cases, the null hypotheses of no serial correlation and no ARCH effects are rejected by the Lagrange Multiplier tests, LM(SC) and LM(ARCH), respectively. The interaction between these tests in unclear, but it is well known that ARCH effects can lead tests of serial correlation to overreject the null hypothesis of no serial correlation. Furthermore, if ARCH effects are present, the error terms are likely to be leptokurtic, and hence non-normal.
TABLE 11. HERDING IN NUMBER OF CONTRACTS OF NET SMALL TRADERS: OLS.
OLS estimates of the number of contracts held by net small traders (NET SMALL). NET LARGE represents the number of net large speculation contracts, OI is total futures market open interest, and SPOTRET denotes spot market returns. The sample is 521 observations, from 6 October 1992 to 10 October 2002. LM(SC) is the LM test of serial correlation with up to 12 lags, LM(ARCH) is the LM test of ARCH effects with up to 12 lags, and the t-ratios are based on the Newey-West standard errors with a truncation lag of five. 
Market

Volatility Models.
In order to improve efficiency and the robustness of the empirical results, ARCH effects were modelled and incorporated in estimation. The GARCH(1,1), exponential GARCH(1,1) (or EGARCH(1,1), developed by Nelson (1990) ), and GJR(1,1) (see Glosten et al. (1993)) processes are used to model the conditional variance of small traders. Engle (1982) . The GARCH process gives a parsimonious representation of the dynamic structure of the conditional variance and has been applied to a wide array of financial data, as surveyed in, for example, Bollerslev et al. (1992) , Bollerslev et al. (1994) , Li et al. (2002 ), McAleer (2005 , and Caporin and McAleer (2012). 27 In practice, the GARCH(1,1) model has provided an adequate representation of many financial series, as indicated by the standardized shocks displaying no significant ARCH effects. However, stock returns series have been shown to exhibit significant asymmetric effects, in that the sign of the lagged unconditional shock can affect the conditional variance significantly. A popular parsimonious representation of asymmetric conditional volatility is the EGARCH(1,1) model of Nelson (1990) , namely
As EGARCH is specified in terms of the logarithm of the conditional variance, h t is guaranteed to be positive without imposing any parameter restrictions. Nelson (1990) proved that 1   ensures stationarity and ergodicity for EGARCH(1,1). Shephard (1996) 
TABLE 12. HERDING IN FIRST DIFFERENCE OF NUMBER OF CONTRACTS OF NET SMALL TRADERS: IID.
OLS estimates of the first difference of the number of contracts held by net small traders (dNET SMALL). dNETLARGE represents the first difference in the number of net large speculation contracts, dOI is the first difference of total futures market open interest, and SPOTRET denotes spot market returns. The sample is 520 observations from 6 October 1992 to 10 October 2002. LM(SC) is the LM test of serial correlation with up to 12 lags, LM(ARCH) is the LM test of ARCH effects with up to 12 lags, and the t-ratios are based on the Newey-West standard errors with a truncation lag of five. 
TABLE 13. HERDING IN NUMBER OF CONTRACTS OF NET SMALL TRADERS: GARCH(1,1)
QMLE for the GARCH(1,1) model of the number of contracts held by net small speculators (NETSML). NET LRGE represents the number of net large speculation contracts, OI is total futures market open interest, and SPOTRET denotes spot market returns. The sample is 521 observations from 6 October 1992 to 10 October 2002. 
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TABLE 14. HERDING IN NUMBER OF CONTRACTS OF NET SMALL TRADERS: GJR(1,1)
QMLE for the GJR(1,1) model of the number of contracts held by net small speculators (NETSML). NET LRGE represents the number of net large speculation contracts, OI is total futures market open interest, and SPOTRET denotes spot market returns. The sample is 521 observations from 6 October 1992 to 10 October 2002. 
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TABLE 16. HERDING IN FIRST DIFFERENCE OF NUMBER OF CONTRACTS OF NET SMALL TRADERS: GARCH(1,1)
QMLE for the GARCH(1,1) model of the first difference of the number of contracts held by net small speculators (dNETSML). dNETLRGE represents the first difference of the number of net large speculation contracts, dOI is the first difference of total futures market open interest, and SPOTRET denotes spot market returns. The sample is 520 observations from 6 October 1992 to 10 October 2002. 
Market
TABLE 17. HERDING IN FIRST DIFFERENCE OF NUMBER OF CONTRACTS OF NET SMALL TRADERS: GJR(1,1)
QMLE for the GJR(1,1) model of the first difference of the number of contracts held by net small speculators (dNETSML). dNETLRGE represents the first difference of the number of net large speculation contracts, dOI is the first difference of total futures market open interest, and SPOTRET denotes spot market returns. The sample is 520 observations from 6 October 1992 to 10 October 2002. 
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TABLE 18. HERDING IN FIRST DIFFERENCE OF NUMBER OF CONTRACTS OF NET SMALL TRADERS: EGARCH(1,1)
QMLE for the EGARCH(1,1) model of the first difference of the number of contracts held by net small speculators (dNETSML). dNETLRGE represents the first difference of the number of net large speculation contracts, dOI is the first difference of total futures market open interest, and SPOTRET denotes spot market returns. The sample is 520 observations from 6 October 1992 to 10 October 2002. bust standard errors are also presented in the absence of normality. EViews 3.0 was used to obtain the QMLE, and the Marquardt algorithm was employed to maximise the likelihood function, with the estimates converging in all cases. The QMLE are largely consistent with the OLS estimates. In the case of GARCH(1,1,), GJR(1,1) and EGARCH(1,1), the null hypothesis of no herding is rejected for S&P. There is a marginal rejection of no herding for Nikkei for GARCH(1,1), but the null hypothesis is rejected using GJR(1,1) and EGARCH(1,1), suggesting that small traders in Nikkei futures contracts exhibit asymmetric responses.
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EGARCH(1,1) also shows there is evidence against the null hypothesis of no herding for SFR.
The GARCH(1,1), GJR(1,1) and EGARCH(1,1) models were also estimated in first differences, for which the estimates are reported in Tables 16-18 , respectively. These results are broadly similar to those presented in Table 12 , as the null hypothesis of no herding is still rejected for the CAD, GBP and gold markets by all three models. Furthermore, the null hypothesis is also rejected for S&P using GARCH(1,1) and GJR(1,1), and is marginally rejected by EGARCH(1,1). Generally, these models support the contention that net small traders (or speculators) display herding tendencies, as indicated by the statistically significant one-period lagged positions of net large speculators.
It will be recalled from Tables 11 and 12 that the ARCH(LM) test rejected the null hypothesis of no ARCH effects for small traders in AUD and non-currencies, but SFR displayed ARCH effects when estimated in levels. The significance of the conditional volatility estimates is generally consistent with these results. In virtually all of the models of AUD and noncurrency commodities, small traders have significant conditional volatility. Despite the null hypothesis not being rejected by LM(ARCH), the GBP small trader model displays conditionally heteroskedastic effects.
The model for SFR, for which there was some evidence against no ARCH effects in Tables   11 and 12 , seems to display statistically significant ARCH effects in most specifications in Tables 13-17 . In levels, Tables 14 and 15 indicate that asymmetry in volatility exists for AUD, CAD, GBP S&P and Nikkei. When the model is estimated in first differences, Tables   17 and 18 show that the conditional variance of small traders is asymmetric for AUD, oil, gold and Nikkei, with marginal evidence of asymmetry for SFR small traders.
The existence of asymmetry provides insights into how small traders trade. When small traders sell more than expected, there is an increase in the conditional variance of small 36 traders. If small traders sell when markets are falling, they may be more uncertain about their decisions, thereby leading to increased volatility. As small traders comprise a large segment of the market, such a finding has consequences for futures market regulations, and raises issues as to how small traders behave in falling, as opposed to rising, markets. Size limits and price restrictions in falling markets may be justified if the uncertainty of small traders is increased, thereby creating greater volatility in market prices.
Impacts on Volatility.
The empirical results provide evidence of herding among small trader positions in some markets. However, the existence of herding does not necessarily imply that such behaviour is destabilising. Nofsinger and Sias (1999) have argued that herding among institutions may result in prices moving toward equilibrium faster than without herding. Whether or not small traders have an impact on market volatility is highly significant for policymakers and market regulators. If it can be shown that small traders affect price volatility adversely, measures that may dampen their influence upon prices should be investigated. Conversely, if small traders do not affect market volatility, in spite of herding, they should not be the target of policy that is designed to influence their impact on price variability. While some may argue that the existence of arbitrageurs and fundamentals-based traders will prevent noise traders from pushing asset prices away from fundamental values for prolonged periods, theoretical models, such as De Long et al. (1990b) , show that the existence of noise traders creates noise or small trader risk that may prevent rational traders from eliminating subsequent price discrepancies.
In order to test the impact of small traders on price volatility, Hong's (2001) The results for the Hong test using the Daniell kernel, for which M was chosen as 2, 5, 10 and 20, are given in Table 19 . 4 Spot returns were estimated using the AR(1)-GARCH(1,1) model, while the conditional mean for small traders is given in equation (1) with GARCH(1,1) errors.
The results in Table 19 , which are robust to the choice of weighting kernel, suggest that the conditional volatility displayed by small traders does not significantly affect the conditional volatility in spot returns, with the exception of Nikkei when M is high. A possible explanation for the significance of the test statistic for higher-order lags is outlined in Hong (2001) .
Specifically, longer lags provide greater power of the test where each lagged correlation coefficient is only marginally significant, but where the lags are jointly significant. For this reason, it does not seem that small traders destabilise spot prices, in general, despite the tendency for herding in some markets.
Conclusion.
Using data on the positions of futures traders across nine different financial commodities, the empirical results suggest the presence of herding behaviour among small traders across some markets. These results were found to be robust to asymmetric time-varying conditional volatility effects in the model of small traders. The currencies, commodities and indices analysed are well developed markets with a high degree of transparency. According to Bikhchandani et al. (1992) , herding is more likely to occur when agents are less confident of their own information, which is more likely be found in less-developed markets. Thus, an analysis of emerging markets, data permitting, would provide an interesting avenue for future research.
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Furthermore, given the extent to which macro hedge funds have been blamed for the Asian economic and financial crises (see de Brouwer (2001)), it would be interesting to examine whether potential sub-categories of large speculators, such as hedge funds and proprietary trading desks, exert an influence on other market participants, such as small traders. de Brouwer (2001, p. 165) notes that many large hedge funds realize that small traders react to the trades of hedge funds, and use this information. Decomposing large speculators into hedge 4. The Bartlett kernel results led to quantitatively similar results, and are available from the authors on request. 5. Recall that Chang et al. (2000) found evidence of herding in South Korea and Taiwan, where herding was measured as changes in the average dispersion of stocks around market returns in periods of market calm versus extreme conditions. No data on small traders were used.
39 funds, which are often viewed as market leaders, and testing the extent to which they influence small traders, is also a fruitful avenue for future research.
There are far-reaching economic implications of the existence of herding. The possibility of herding can lead to multiple equilibria, causing asset prices to deviate for prolonged periods from fundamentals, and diminish the effectiveness of such markets in channelling scarce capital. Moreover, in markets in which the null hypothesis of no herding is rejected, the volatility exhibited is likely to be higher than if agents did not herd because herding leads to a greater concentration of agents on one side of the market. The mimicry of small traders would either add momentum to price changes in these markets, or cause prices to overshoot the price that would be determined in the absence of herding. Fluctuations in prices are, therefore, likely to be magnified by herding, resulting in more volatile and less informative prices.
Participants in international trade and investment would be exposed to greater foreign exchange risk, and exchange rate movements would be rendered less informative by the greater volatility arising from the herding behaviour of small traders.
The results of this paper contribute to the debate on the desirability of the existence of noise traders in financial markets. Noise traders perform the critical function of providing liquidity to markets and enabling informed traders to transact, by which information is impounded into financial market prices. A perverse result of the homogeneous agent perfect information trading models is that no trading occurs because agents have identical expectations, and hence have no reason to trade. As noise traders facilitate the smooth operation of financial markets, it is difficult to argue that noise trading should be limited by measures such as transaction taxes, or if society would benefit from the limitation of noise trading. Schwert and Seguin (1993) state that the effect on market volatility of limiting noise trading is ambiguous. While herding noise traders may exacerbate price changes, lower market liquidity may result in more rapid price changes as it implies that a market is less able to absorb large trades.
Furthermore, prices may become less informative, thereby resulting in financial markets that are less effective in allocating scare capital.
